As an essential factor for sustainable development, energy plays a very important role in sustaining a modern lifestyle, particularly in poor rural areas. Considering that farmers' livelihood in such areas is enormously dependent on services provided by environmental resources, it makes sense to investigate the relationships and interactions between farming households' livelihood strategies and their energy consumption. The findings and outcomes would be expected to contribute to the body of knowledge and benefit local policy-making toward sustainable transformation in the long run. Taking Gannan as an example, this study employed a participatory rural appraisal approach, with first-hand data mainly from field surveys, using a stratified random sampling method to illustrate the influence of farmers' livelihood strategies for household energy consumption in the eastern Qinghai-Tibet Plateau, China. Seven townships in Gannan were covered, three of them in pure pastoral areas, two in farming-pastoral areas, and two in farming areas. From these, 230 households were selected as study samples, with a valid return of 217 questionnaires, among which 78 came from pure pastoral areas, 60 from farming-pastoral areas, and 79 from farming areas. The results show that livelihood has a significant impact on farmers' household energy consumption patterns, and increasing family income level and education level and improving the availability of commodity energy resources will help farmers reduce the proportion of biomass energy consumption and increase the proportion of commodity energy consumption. Furthermore, measures such as developing nonagricultural industries, improving the energy infrastructure, and enhancing farmers' energy-saving awareness should be seriously considered to optimize farmers' living energy consumption patterns in these poverty-stricken and eco-frangible regions.
Introduction
Energy is an essential factor for sustainable development. In the United Nations (UN, New York, NY, USA) 2030 Agenda for Sustainable Development, Sustainable Development Goal 7 (SDG7) is to "ensure access to affordable, reliable, sustainable and modern energy for all". The agenda also calls for protecting, restoring, and promoting sustainable use of terrestrial ecosystems by emphasizing SDG15, to "sustainably manage forests, combat desertification, and halt and reverse land degradation and halt from many researchers and policy-makers [24] . However, most studies are conducted in Tibet, and few studies have been conducted in the eastern part of the plateau [25, 26] , particularly from the perspective of sustainable livelihood. In this study, by employing a semistructured questionnaire and interview methods, we aimed to investigate the impacts of farming households' livelihood on their energy consumption patterns, and to draw out the evolution of energy consumption patterns along with livelihood conversion.
Study Area
Gannan Tibetan Autonomous Prefecture, a city-level administrative area located on the eastern edge of the Qinghai-Tibet Plateau (Figure 1) , is a typical eco-fragile region that places a heavy burden on ecosystem services, where dung, firewood, and other traditional forms of biomass energy have been predominantly used for a long time [27] . Such rural energy consumption patterns in Gannan have already caused serious damage to the forests and grassland in the region, and its ecosystem services have declined sharply [28] . In recent years, the livelihood strategies of farming households in Gannan have gradually shifted from traditional agriculture activities to concurrent industries and nonagricultural activities, which makes Gannan a typical case to investigate the impact of farmers' livelihood strategies on household energy consumption [28] .
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Methods

Data Source
Guided by the approach of Participatory Rural Appraisal (PRA), which aims to incorporate the knowledge and opinions of rural people in the planning and management of development projects and programs [29] , a questionnaire-based survey using a stratified random sampling method was carried out. There are about 99 township-level administrative areas in Gannan prefecture; considering that the area of Gannan is vast and most of the farmers live in scattered locations, it is quite difficult to conduct field survey-based interviews. Our survey covered 7 townships in Gannan, 3 in pure pastoral areas, 2 in farming-pastoral areas, and 2 in farming areas. In each township, 20 to 40 households from one village were chosen to conduct detailed interviews. In the end, 230 households were selected as study samples for our research, with a valid return of 217 questionnaires, among which 78 came from pure pastoral areas, 60 from farming-pastoral areas, and 79 from farming areas. Six Tibetan college students were hired as translators during the survey process, to ensure the accuracy of the interviewed information. Even though the survey samples are small, due to the high similarity of livelihoods and energy consumption in these areas, they still can reflect the general situation in Gannan. The survey was conducted from July to August 2011, and the questionnaire time was about 2 to 3 h.
The following contents were presented in the survey: (1) family characteristics of farming households, including household scale, manpower, education level of the household members and labor force, gender structure, family income, and source of income; (2) means of livelihood of farming households, including the input of household labor force and their specific activities; (3) availability of energy resources, including the area of land and firewood land, the number of livestock, and the distance from the village to the township; and (4) amount of energy consumption, including that of firewood, straw, and dung per year, of coal and electricity, and relevant fees.
Based on primary studies of the survey, the livelihood strategies of farming households in Gannan were categorized as follows: animal husbandry, cultivating, gathering, migrant working, transporting, business-making, handicraft trade, and working in enterprises and institutions. Animal husbandry, cultivation, and gathering can be further categorized as agriculture, and the rest as nonagriculture. Finally, according to the diversity of nonagriculturalization and the farmers' livelihood strategies, the households were categorized as three types: pure farming households, households with combined occupations, and nonfarming households. Herein, pure farming household (PFH) means all manpower is engaged in agriculture, household with combined occupation (HCO) means the labor force partly worked on agriculture and partly on nonagriculture, and nonfarming household (NFH) means the labor force worked on only nonagricultural activities.
Analytical Methods
To model the impact of farmers' livelihood on household energy consumption, the Stochastic Impacts by Regression on Population, Affluence and Technology (STIRPAT) model was applied. Farming households' livelihood, energy availability, household income, and family characteristics were all fitted into the STIRPAT random regression model, whose general form goes as follows [30] :
where family characteristics, income, and energy availability are symbolized as P, A, and T, respectively, and a is a constant term; b, c, and d denote the exponential terms for P, A, and T, e is an error term, and I denotes energy consumption. In order to measure the impact of various factors on energy consumption, Equation (1) can be further converted into logarithmic form:
where a and e are logarithms of a and e in Formula (1), and b and c refer to percent changes of energy consumption caused by the driving factors P, A, T, which have 1% change when other influencing factors remain unchanged.
To model the impact of livelihood on the farming households' energy consumption patterns, the binary logistic model and the maximum likelihood estimate (MLE) were applied. First, the value of energy consumption is set as a dependent variable, y i , in 0-1 model: when biomass energy is mainly used in energy consumption (the share is above 55%), the value of y i is 0, which means the household selects a low-level energy consumption pattern; if coal and electricity and other commercial energy sources are mainly used (the share is more than 55%), the value of y i is 1, which suggests that the household chooses an advanced energy consumption pattern. Supposing that x i is an independent variable and P i is the probability of occurrence of y i event, the corresponding regression model is then represented as:
where β 0 is a constant and β 1 , β 2 , . . . , β m are regression coefficients that represent the contributions made by the various factors (x im ) to P i . Positive regression coefficients mean there will be a corresponding increase in occurrence each time explanatory variables add a unit of value; on the contrary, when regression coefficients are negative, there will be a corresponding reduction in occurrence each time explanatory variables add a unit of value. Furthermore, in this study, the index of nonagricultural level (the proportion of labor force working on nonagricultural lines) is determined as the indicator for livelihood, and this indicator, together with the other indicators-energy availability, family income, household scale, and education level of the labor force-are introduced into the analytical model. Regarding the education level of the labor force, different scores are applied (illiterate = 1, primary schooling = 2, junior schooling = 3, senior schooling = 4, college and above = 5), and regional dummy variables are brought in (in pure pastoral area: yes = 1, no = 0; in farming area: yes = 1, no = 0). All statistical analyses were performed with SPSS for Windows version 15.0 (SPSS Inc., Chicago, IL, USA).
Results and Discussion
Farming Households' Characteristics in Different Livelihood Types
The proportion of pure farming households in pure pastoral areas, farming-pastoral areas, and farming areas declined to 52.21%, 28.33%, and 15.18% respectively, while the proportion of nonfarming households increased steadily to 7.66%, 18.34%, and 40.49%, respectively. The characteristics of the households with different livelihoods were different; for example, pure farming households (PFH) had an average family size of about 5.14 persons/household, and the proportion of males was 54.76%; the labor force had about 2.78 laborers/household, and only 5.6% of family members graduated from senior school or above; the family size of households with combined occupations (HCO) and nonfarming households (NFH) was about 5.39 and 5.20 persons/household respectively, and the proportion of males was 51.06% and 49.33%, respectively, however, family members who graduated from senior school and above in these two households accounted for 9.5% and 11.4%, respectively, and there were about 3.02 and 2.98 laborers/household (Table 1) . Previous studies have indicated that livelihood strategies are diversified from different perspectives [31] ; our study also shows that farming households are different as well, not only in the arrangements of their agricultural activities, but also in the introduction of nonagricultural and other activities due to their diverse means of livelihood. For example, farming households in pure pasturing areas mainly worked on planting crops, grazing, breeding livestock, and gathering; 75% of them relied on grazing, and the rest on breeding and gathering activities. Of the households in farming-pastoral areas, 52.94% worked on planting crops and breeding animals, and 35.29% worked on planting, breeding, and gathering activities. Of the households in farming areas, 66.67% were engaged in planting crops and gathering and 25% in planting, gathering, and breeding animals. Households with combined occupations mixed agricultural activities with nonagricultural ones, which means mainly going out to work for others. In general, households with combined occupations and nonfarming households accounted for 55.56% and 71.43%, respectively, of all types of households. In pure pastoral areas, 18.75% of households had family members going out to work, and in farming-pastoral areas and farming areas, the proportions were as high as 78.13% and 68.57%, respectively. Nonfarming households in farming and pastoral areas all had family members going out for work, and the proportion was 68.75% in farming areas. This was also indicated by Hua et al., who found that nonfarming-dependent households generally not only earned income from agricultural activities but also were willing to pursue non-farm activities or self-employment for wages [31] .
Energy Consumption of Farmer Households with Different Livelihood Strategies
Energy consumption in pure pastoral areas (PPA), farming-pastoral areas (FPA), and farming areas (FA) is shown in Table 2 . Per capita energy consumption for households in PPA was the highest, with an average of 779.87 kilograms of coal equivalent (kgce), which is about 2.5 times the amount in FPA and 2.84 times the amount in FA. A study conducted in 2009 in some other counties located in the eastern part of the Qinghai-Tibet Plateau also found that energy consumption per capita in the pastoral zone was higher than that in the agricultural zone, and rural household energy consumption structures were similar in counties with similar livelihoods [24] . The reason for such large energy consumption was generally the high altitude in pure pastoral areas, with cold weather and long heating periods; pastoral regions are usually areas with higher altitude, colder weather, lower oxygen pressure, and lower burning efficiency [24] . There are significant differences in living energy consumption among different livelihood types. Energy consumption in pure farming households (PFH), households with combined occupations (HCO), and nonfarming households (NFH) declined in sequence; for instance, the average energy consumption in PFH was 738.08 kgce, while the average energy consumption in HCO and NFH was about 368.34 kgce and 260.49 kgce, respectively (Table 2) . From the energy structure perspective, farming households in PPA were mainly dependent on cow manure, accounting for 90.10% of their total energy consumption, while the main energy sources for FPA were coal (49.80%) and firewood (40.06%), and in FA it was straw (50.30%) (Figure 2 ). Previous studies also found that the pastoralists in Qinghai and Tibet used yak dung and sheep fecal pellets as their main energy sources [32] , even though a study on China's rural energy structure found that the proportions of straw, firewood, biogas, coal, oil, LPG, electricity, and solar energy in rural residential energy consumption shifted from, respectively, 49.36%, 30.99%, 0.25%, 18.12%, 0.38%, 0.004%, 0.83%, and 0.08% in 1991 to 35.71%, 20.19%, 3.31%, 17.55%, 4.85%, 2.61%, 11.90%, and 3.87% in 2014 [33] . In our research, we found that the proportion using commercial energy (coal and electricity) among PFH, HCO, and NFH showed an upward trend, accounting for 9.9%, 27.81%, and 48.41%, respectively. Biomass has been used for cooking and heating for thousands of years on the Qinghai-Tibet plateau [34] , but our study indicated that the consumption of biomass energy showed a declining curve from 90.11% to 72.18% to 51.59%. [33] . In our research, we found that the proportion using commercial energy (coal and electricity) among PFH, HCO, and NFH showed an upward trend, accounting for 9.9%, 27.81%, and 48.41%, respectively. Biomass has been used for cooking and heating for thousands of years on the Qinghai-Tibet plateau [34] , but our study indicated that the consumption of biomass energy showed a declining curve from 90.11% to 72.18% to 51.59%. Statistical analysis of the relationship between nonagricultural and farming households' energy consumption shows that nonagricultural areas had a significant correlation (above the level of 0.05) with the index in per capita energy consumption, per capita commercial energy consumption, and per capita biomass energy consumption. An apparently negative correlation was shown between nonagricultural areas and per capita energy consumption and per capita biomass energy consumption, with coefficients of −0.283 and −0.257, respectively, and a significant positive correlation was observed between nonagricultural and the index of per capita commercial energy consumption, with a coefficient of 0.243. Moreover, nonagricultural areas had a significant correlation with both biomass and commercial energy, at the level of 0.01. There was a negative correlation, that is, a coefficient of −0.403, between nonagricultural level and biomass energy consumption, and a positive correlation, with a coefficient of 0.424, between nonagricultural level and commercial energy consumption.
Impact of Livelihood on Households' Energy Consumption
By taking the farming households' energy consumption as a dependent variable and introducing the indices of nonagricultural level, family size, educational level, per capita income, per capita arable land, per capita firewood land, number of livestock, distance to the township, and the locale attribute as independent variables, the impact of livelihood on farming households' energy consumption was analyzed based on the STIRPAT model (Table 2) . A preconducted fitting analysis based on the least squares method shows that the above-mentioned variables could completely account for 72.9% of energy consumption in farming households, with F-statistics of 19.437 at the level of 0.01. A significant negative correlation at the level of 0.05 between nonagricultural and farming households' energy consumption suggests that, with improvement of the nonagricultural level, farming households' energy consumption would be greatly decreased; however, the nonstandardized coefficient of nonagricultural level is between 0 and −1, which means that the lower rate of energy consumption by the improvement of the nonagricultural level was lower than the change rate of the nonagricultural level itself. Statistical analysis of the relationship between nonagricultural and farming households' energy consumption shows that nonagricultural areas had a significant correlation (above the level of 0.05) with the index in per capita energy consumption, per capita commercial energy consumption, and per capita biomass energy consumption. An apparently negative correlation was shown between nonagricultural areas and per capita energy consumption and per capita biomass energy consumption, with coefficients of −0.283 and −0.257, respectively, and a significant positive correlation was observed between nonagricultural and the index of per capita commercial energy consumption, with a coefficient of 0.243. Moreover, nonagricultural areas had a significant correlation with both biomass and commercial energy, at the level of 0.01. There was a negative correlation, that is, a coefficient of −0.403, between nonagricultural level and biomass energy consumption, and a positive correlation, with a coefficient of 0.424, between nonagricultural level and commercial energy consumption.
By taking the farming households' energy consumption as a dependent variable and introducing the indices of nonagricultural level, family size, educational level, per capita income, per capita arable land, per capita firewood land, number of livestock, distance to the township, and the locale attribute as independent variables, the impact of livelihood on farming households' energy consumption was analyzed based on the STIRPAT model (Table 2) . A preconducted fitting analysis based on the least squares method shows that the above-mentioned variables could completely account for 72.9% of energy consumption in farming households, with F-statistics of 19.437 at the level of 0.01. A significant negative correlation at the level of 0.05 between nonagricultural and farming households' energy consumption suggests that, with improvement of the nonagricultural level, farming households' energy consumption would be greatly decreased; however, the nonstandardized coefficient of nonagricultural level is between 0 and −1, which means that the lower rate of energy consumption by the improvement of the nonagricultural level was lower than the change rate of the nonagricultural level itself.
There was a significant positive correlation between farming households' energy consumption and family size, per capita income, and per capita livestock number, at the level of 0.001, 0.05, and 0.1, respectively. Other studies also indicated that family size and annual income were important factors influencing energy consumption per capita [24, 35, 36] , but in this study, we further found that the nonstandardized coefficient of family size was 1.457, which is greater than 1, while those of per capita income and per capita livestock number were 0.349 and 0.144, suggesting that the increase in household energy consumption caused by the expansion of family size was higher than that of family size, and the increase in household income and expansion of livestock farming caused the increase in energy consumption to be lower than their own pace of change. An interesting finding is that the level of labor education is negatively related to household energy consumption, but it is not statistically significant (Table 3) . Concerning the impact of livelihood strategy on energy consumption pattern (Table 2) , the results show that all the indicators-nonagricultural level, per capita income, educational level, per capita livestock number, area of firewood land, distance to the township, and regional characteristics-have a great impact on energy consumption pattern, with confidence levels at 0.01, 0.05, and 0.1.
Among all these factors, nonagricultural level had the most significant impact on energy pattern, with a Wald statistic value of 14.122, followed by the indicator of per capita income (Wald statistic value 11.245). The values of the regression coefficients of nonagricultural level, per capita income, and educational level are all positive, indicating that with their improvement, the probability that farming households will choose a commodity-based energy consumption pattern will increase. From the modelling results, it shows that for every 1 unit increase in the level of nonagriculturalization, the probability of a farmer transferring to a commodity-based energy consumption mode will increase by 38 times, and if per capita income and labor force education increased by 1 unit, the probability of peasants turning to commodity-based energy consumption will increase by 1.4 times and 1.9 times, respectively.
Conclusions
Sufficient access to modern energy services is a key factor in addressing the Sustainable Development Goals; however, the issue of energy poverty is relatively new in China in the past decade, because research was primarily focused on how to support economic growth [37] . With the improvement of nonagricultural level, farming households' energy consumption gradually decreases, and the consumption patterns dominated by traditional biomass energy have shifted to patterns dominated by commodity energy sources. This is mainly due to the fact that the nonagricultural livelihood led to a decrease in the amount of biomass energy produced by farmers, while nonfarm employment led to a decrease in the number of laborers involved in biomass energy harvesting, which increased the opportunity cost of collecting biomass energy. In addition, with the implementation of eco-immigrants and pastoralists' settlement projects, the previously scattered rural households were resettled around towns with convenient transportation, which led to the transformation of household energy consumption patterns. The change in the production process is the fundamental reason for the change in household energy consumption pattern, therefore, improving the level of nonagriculturalization is an effective way to promote the transformation of household energy consumption patterns.
Although increased income will reduce the use of traditional noncommodity energy, it will increase the consumption of commodity energy, and the income elasticity of consumption of commodity energy is higher than that of traditional noncommodity energy, resulting in an increase of energy consumption by farmers as income increases. Previous studies indicated that economic development can indeed reduce some environmental problems by pushing rural households to move away from the consumption of traditional biomass-based energy in China [38] . With the increase of income level and education level of the labor force, the living energy consumption pattern of farmers shifts from biomass-based consumption to commodity-based. If farmers have higher income and education levels, they have higher requirements for energy comfort, convenience, and hygiene. Therefore, more and more high-income and moderate-high-level farmers choose to use more comfortable energy sources such as electricity. The low-income and low-literacy households are constrained by their income, which means they pay more attention to the economy of energy use, for example, by increasing their use of energy sources such as firewood, straw, and cow manure. Therefore, the latter characteristics of energy consumption provide a great space for reducing farmers' overreliance on biomass energy and alleviating the pressure of ecological environment.
The difficulty of obtaining or accessing energy is an important factor that affects the energy consumption pattern of farmers. This study shows that the availability of energy affects the choice of household energy consumption patterns. For example, farmers with large numbers of livestock tend to have relatively easy access to biomass energy and thus choose biomass-based consumption patterns, while farmers with convenient transportation and easy access to coal and electricity prefer commodity-based energy consumption patterns. The energy consumption structure of farming households in areas with convenient transportation mainly transforms commercial convenient energy sources such as fuelwood, straw, and coal into liquefied gas and electricity. In areas with limited transportation, energy consumption is mainly based on fuelwood and straw, but it is slowly replaced by coal. Therefore, improving the accessibility of commodity energy sources is the primary measure to promote the transformation of household energy consumption patterns.
In conclusion, the energy consumption behavior of farmers in ecologically fragile areas has been closely integrated with the degradation of the ecological environment. Our previous study, based on a questionnaire that was conducted at the same time, indicated that farmers' mode of livelihood has remarkable influences on their ecological footprint, and increasing the nonagricultural level will decrease the impact on the environment. Specifically, the per capita ecological footprint of farming households is 1.644 gha (global hectare), while that of combined occupation and nonfarming households is 1.488 gha and 1.225 gha, respectively [39] . In this paper, we found that livelihood has a significant impact on household energy consumption patterns. Along with the increase of nonagricultural level, the household energy consumption in Gannan decreased significantly, and the probability of choosing commodity-based energy increased. On the one hand, increases in family income level and education level and improvement in the availability of commodity energy resources contribute to reducing the proportion of biomass energy consumption, and on the other hand, it increases the proportion of commodity energy consumption. However, along with development in this area, further studies should be conducted: some time-series studies should be conducted to track the evolution process of farmers' livelihood (energy consumption nexus), and more empirical studies should be conducted to investigate the overall picture of energy consumption in this unique area.
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